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Water is the most important resource for mankind existence and development. Therefore, maintaining the water 
to a high quality is crucial. Wastewater treatment technologies are constantly evolving. Nowadays, the focus has shifted 
to the use of microalgae cultures, an interesting step for wastewater treatments, which can improve the treatment process 
in order to get a clean and healthy water. Microalgae by definition are unicellular algal species that can survive 
individually or in chains or clusters. They exist in both suspended forms (that free-float in a water body) and attached 
forms (that adhere to a submerged surface) and are one of the most important groups of organisms on the planet. 
Microalgae cultures offer a modern solution of wastewater tertiary treatment together with the production of potentially 
valuable biomass, which can be used for several purposes (biogas and biofuel production, composting, as animal feed or 
in aquaculture and production of fine chemicals). The microalgae use the nutrients (inorganic nitrogen and phosphorus) 
for their growth and have the capacity to remove heavy metals and some toxic organic compounds (dyes and antibiotics) 
and to reduce, also, the chemical and biochemical oxygen demand. In the present review we will focus on the application 
of microalgae in the wastewater treatment.  
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 1. Introduction 
 
It is estimated that microalgae produce 
approximately half of the atmospheric oxygen on 
earth, while consuming vast amounts of the 
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The biodiversity of microalgae is also 
enormous. It has been estimated that as many as 
200,000 to 800,000 species exist, of which only about 
35,000 species have been identified and described 
[1]. 
Algae play many roles in the aquatic systems 
such as: 
1. primary producers; 
2. indicators for water quality (some algae 
being stenobionts); 
3. trophic values for both man and animals 
consumers 
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4. obtaining biofuels, medicine, dyes etc. 
5. fossils algae used to reconstitute the 
lakes evolution, climate etc.  
The concept of using algae in water treatment 
was first introduced by Oswald and Gotaas in the 
paper "Photosynthesis in sewage treatment"[2]. The 
concept is not difficult to understand - algae use 
nutrients derived from the aquatic environment, 
while wastewater contains a huge amount of nutrients 
that algae can use. Therefore, in aquatic ecosystems, 
in spring or summer, the phenomenon of "flowering" 
takes place. Biological wastewater treatment systems 
with micro algae have particularly gained importance 
in last 50 years and it is now widely accepted that 
algal wastewater treatment systems are as effective as 
conventional treatment systems. From 1957 until 
now, there has been extensive research in this area, 
with constantly evolving technologies. The research 
was oriented to the removal of nutrients, of chemical 
and biochemical oxygen demand, of heavy metals, 
dyes and antibiotics and radioactive substances, 
microorganisms from wastewater and also for the 
production of biodiesel. 
 
 
2. Removal of Wastewater Nutrients (N and/or P) 
by Microalgae  
  
The wastewater nutrients (nitrogen and 
phosphorus in different forms), if discharged 
improperly, are the main pollutants which contribute 
to eutrophication of surface water bodies and thus 
threaten the balance of aquatic ecosystem and safety 
of drinking water. Many studies demonstrated that 
microalgae are excellent nutrients stripper as they 
require nutrients for development [3-8]. 
 The nutrient removal efficiencies are usually 
high for wastewaters of different sources. It has been 
proved that microalgae can reduce nitrogen up to 
84% [8]. The widely used microalgae cultures for 
nutrient removal are species of Chlorella [9-13], 
Scenedesmus [14-16] and Spirulina [17, 18]. Nutrient 
removal capacities of Nannochloris sp. [19-22] and 
cyanobacterium Phormidium bohneri [23-24] have 
also been investigated. Different species of algae 
were used and were obtained different percentages of 
nutrient removal. Several studies have been 
conducted to investigate nutrient removal potential of 
Chlorella sp., revealing feasibility of 80.0%–100.0% 
nitrogen and 83.2%–92.0% phosphorus removal, 
respectively [11-13, 25-28]. In an earlier study [29] 
there were reported lower elimination rates of 
nitrogen (50.2%) and phosphorus (85.7%) in 
industrial wastewater treatment and elimination of 
phosphorus (97.8%) in domestic wastewater treated 
by algae. 
3. Reduction of Chemical and Biochemical 
Oxygen Demand by Microalgae  
 
Regarding the attack blight in potato variety 
semitârziu Redsec within four graduations trifactorial 
experience extending over three years, 2012-2014, it 
notes that were recorded the highest values in the 
experimental field located in Jucu, that had been read 
17 28% report which identified a 
humidity/temperature equal to 3.92 (Fig. 1).  
The lowest values were recorded in the 
experimental field of Poieni, 13.26% respectively 
compared equal to the higher humidity/temperature, 
which is equal to 4.38 (Fig. 142). Intermediate values 
Microalgae can be used for BOD and COD removal 
[11, 45-49]. When used Scenedesmus acutus, COD 
was reduced with 77% [50]. 
Excess BOD can deplete the dissolved oxygen 
of receiving water leading to fish kills and 
anaerobiosis, hence its removal is a primary aim of 
wastewater treatment. Colak and Kaya (1988) 
investigated the possibilities of biological wastewater 
treatment by algae. They found that, in domestic 
wastewater treatment, elimination of BOD and COD 
were 68.4% and 67.2%, respectively [29]. 
 
4. Removal of Heavy Metals from Wastewater 
Heavy metals discharged into waterbodies 
through wastes have an incorrigible impact on the 
aquatic system and destroy the self-purification 
ability of an aquatic body [30]. Therefore, the 
scientific community is under tremendous pressure to 
develop new, innovative, cost-effective, efficient and 
sustainable methods for the removal of heavy metals 
from aquatic bodies as well as wastewaters. 
 There is a growing impulse for the production 
of cheaper adsorbents to replace costly wastewater 
treatment methods; there by non-conventional heavy 
metals remediation technologies have been gaining 
popularity. Researchers have intensified their efforts 
in developing suitable technologies for prevention of 
heavy metals pollution, decreasing heavy metals 
concentrations to a lower level (by decreasing the 
efflux of heavy metals into the receiving bodies such 
as rivers, sewer and lake etc.), and removal of heavy 
metals from contaminated media. Microalgae have 
been studied for their ability to embed the heavy 
metal ions in the cell vacuole.  
A continuous development of research has 
been made, with more species of algae that can be 
used being discovered [4, 34]. 
It is known that microalgae may bind heavy 
metal ions. From the reaction of peptides with heavy 
metal ions and form organic metallic complexes, 
which are being stored in the cell vacuole. Research 
proved that the addition of heavy metal ions in the 
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cell activates the synthesis of metallothionein. These 
complexes can bind heavy metal ions such as Cd2+, 
Ag+, Pb2+, Zn2+, Hg2+ and Au2+.  
Algae from culture are able to absorb zinc ions 
[51]. Species, such as Spirogyra sp. decrease the 
concentration of zinc ions by 90-95% in the first 30 
minutes [34, 52]. Other species, such as those from 
the genus Chlorella, are able to absorb uranium and 
lead ions [35]. 
 Many algae are known to absorb pollutants. 
Synechocystis salina was used to remove heavy 
metal ions from water. After 15 days of treatment, 
approximately 60% of Cr ions, 66% of Fe ions, 70% 
of Ni ions, 77% of Hg ions, 65% of Ca ions, 63% of 
Mg ions were reduced [36].  
Species from Micractinium were used for Cd 
ions removal from water 
(http://www.oilgae.com/ref/downloads/Was
tewater_Treatment_Using_Algae_Report_Previ
ew.pdf). Species of Spirulina were used successfully 
for Cr ions bio absorption [37]. 
Microalgae can sequester heavy metal ions by 
the same adsorption and absorption mechanisms as 
other microbial biomass [41]. Algae are a renewable 
natural biomass that proliferate ubiquitously and 
abundantly in the littoral zones of the world and have 
attracted the attention of many investigators as 
organisms that can be tested and used as new 
adsorbents to adsorb metal ions. Several advantages 
in applying algae as a biosorbent include its wide 
availability, low cost, high metal sorption capacity, 
and reliable quality [39-40]. There is much research 
about the metal biosorption using algal biomass. 
Examples of recent reports include the biosorption of 
Cu and Zn using Chlorella minutissima [41]; the 
biosorption of Cu, Cd, Pb, and Zn using Caulerpa 
lentillifera [42]; the biosorption of Cr from 
wastewater using Ulva lactuca [43]; and the 
biosorption of lead(II) from wastewater by 




1. Wastewater treatment systems used are 
massive and present huge costs. 
2. Systems used in present are using different 
substances that endanger human health and 
all biological entities. 
3. Algae used for wastewater treatment are a 
better fit for both costs and efficiency. 
4. Algae are proven to be able to include in their 
cell heavy metals, radioactive elements or 
antibiotics. 
5. Many species of algae can be used in the 




[1] Tabatabaei M., M. Tohidfar, G.S. Jouzani, M. 
Safarnejad, M. Pazouki, 2011, Biodiesel production from 
genetically engineered microalgae: future of bioenergy in 
Iran, Renewable and Sustainable Energy Reviews, 15(4), 
1918-1927. 
 
[2] Gotaas H. B., W. J. Oswald, 1955,. Photosynthesis in 
sewage treatment. J. Sanit. Engg Div. Am. Soc. Civ. 
Engrs., 81, 686-893. 
 
[3] Chevalier P., J. de la Noüe, 1985a. Wastewater nutrient 
removal with microalgae immobilized in Carrageenan, 
Enzyme Microb. Technol. 7, 621–624,  
 
[4] Chevalier P., J. de la Noüe, 1985b, Efficiency of 
immobilized hyperconcentrated algae for ammonium and 
orthophosphate removal from wastewaters. Biotechnol. 
Lett. 7, 395–400.,  
 
[5] Comeau, Y., B. Rabinowitz, K. J. Hall, W. K. Oldham, 
1987, Phosphate release and uptake in enhanced biological 
phosphorus removal from wastewater. J. Water Pollut. 
Control Fed. 59, 707–715.,  
 
[6] Tam N.F.Y., Y.S. Wong, 1989, Wastewater nutrient 
removal by Chlorella pyrenoidosa and Scenedesmus sp., 
Environ. Pollut. 58, 19–34.,  
 
[7] Shi J., B. Podola, M. Melkonian, 2007, Removal of 
nitrogen and phosphorus from wastewater using 
microalgae immobilized on twin layers: an experimental 
study, J. Appl. Phycol. 19 (5), 417–423.,  
 
[8] Rasoul-Amini S., N. Montazeri-Najafabady, S. Shaker, 
A. Safari, A. Kazemi, P. Mousavi, M. A. Mobasher, Y. 
Ghasemi, 2014, Removal of nitrogen and phosphorus from 
wastewater using microalgae free cells in bath culture 
system, Biocatalysis and Agricultural Biotechnology, 3(2), 
126-131.].  
 
[9] Gonzales L.E., R.O. Canizares, S. Baena, 1997, 
Efficiency of ammonia and phosphorus removal from a 
colombian agroindustrial wastewater by the microalgae 
Chlorella vulgaris and Scenedesmus dimorphus, 
Bioresource Technol., 60, 259–262  
 
[10] Lau P.S., N.F.Y. Tam, Y.S. Wong, 1997, Wastewater 
nutrients (N and P) removal by carrageenan and alginate 
immobilized Chlorella vulgaris, Environ. Technol., 18, 
945–951  
 
[11] Lee K., C. G. Lee, 2001, Effect of light/dark cycles on 
wastewater treatments by microalgae. Biotechnology and 
Bioprocess Engineering, 6(3), 194-199,  
 
[12] Ruiz-Marin A., L.G. Mendoza-Espinosa, T. 
Stephenson, 2010, Growth and nutrient removal in free 
and immobilized green algae in batch and semi-continuous 
461 




cultures treating real wastewater, Bioresource 
Technology, 101(1), 58-64,  
 
[13] Li Y., Y.F. Chen, P. Chen, M. Min, W. Zhou, B. 
Martinez, J. Zhu, R. Ruan, 2011, Characterization of a 
microalga Chlorella sp. well adapted to highly 
concentrated municipal wastewater for nutrient removal 
and biodiesel production, Bioresource technology, 102(8), 
5138-5144. 
 
[14] Urrutia I., J.L. Serra, M.J. Llama, 1995, Nitrate 
removal from water by Scenedesmus obliquus 
immobilized in polymeric foams, Enzyme Microb. 
Technol., 17, 200–205.  
 
[15] Martinez M.E., J.M. Castillo, E.F. Yousfi, 1999, 
Photoautotrophic consumption of phosphorus by 
Scenedesmus obliquus in a continuous culture. Influence 
of light intensity, Process Biochem., 34, 811–818.  
 
[16] Martinez M.E., S. Sanchez, J.M. Jimenez, F. El 
Yousfi, L. Munoz, 2000, Nitrogen and phosphorus 
removal from urban wastewater by the microalga 
Scenedesmus obliquus, Bioresource Technol., 73, 263–
272.  
 
[17] Olguín E.J., 2000, The cleaner production strategy 
applied to animal production, in: Olguín E.J., G. Sánchez, 
E. Hernández (eds), Environmental Biotechnology and 
Cleaner Bioprocesses, Taylor and Francis, London, 227–
243.  
 
[18] Olguín E. J., S. Galicia, G. Mercado, T. Pérez, 2003, 
Annual productivity of Spirulina (Arthrospira) and 
nutrient removal in a pig wastewater recycling process 
under tropical conditions. Journal of Applied Phycology, 
15(2-3), 249-257.  
 
[19] Jimenez-Perez M.V., P. Sanchez-Castillo, O. Romera, 
D. Fernandez-Moreno, C. Pérez-Martınez, 2004, Growth 
and nutrient removal in free and immobilized planktonic 
green algae isolated from pig manure, Enzyme and 
Microbial Technology, 34(5), 392-398. 
 
[20] Sawayama S., T. Minowa, Y. Dote, S. Yokoyama, 
1992, Growth of the hydrocarbon-rich microalga 
Botryococcus braunii in secondarily treated sewage, Appl. 
Microbiol. Biotechnol., 38, 135–138.  
 
[21] Sawayama S., S. Inoue, S. Yokoyama, 1994, 
Continuous culture of hydrocarbon-rich microalga 
Botryococcus braunii in secondarily treated sewage, 
Applied microbiology and biotechnology, 41(6), 729-731.  
 
[22] An J.Y., S.J. Sim, J.S. Lee, B.K. Kim, 2003, 
Hydrocarbon production from secondarily treated piggery 
wastewater by the green algae Botryococcus braunii, J. 
Appl. Phycol., 15, 185–191. 
 
[23] Laliberte G., P. Lessard, J. De La Noüe, S. Sylvestre, 
1997, Effect of phosphorus addition on nutrient removal 
from wastewater with the cyanobacterium Phormidium 
bohneri, Bioresource Technology, 59(2), 227-233.  
 
[24] Dumas A., G. Laliberte, P. Lessard, J. De La Noüe, 
1998, Biotreatment of fish farm effluents using the 
cyanobacterium Phormidium bohneri, Aquacultural 
Engineering, 17(1), 57-68. 
 
[25] Yun Y.S., S.B. Lee, J.M. Park, C.I. Lee, J.W. Yang, 
1997, Carbon dioxide fixation by algal cultivation using 
wastewater nutrients, J. Chem. Technol. Biotechnol., 69, 
451–455.  
 
[26] Wang L., Y. Wang, P. Chen, R. Ruan, 2010, Semi-
continuous cultivation of Chlorella vulgaris for treating 
undigested and digested dairy manures, Appl. Biochem. 
Biotechnol. 162, 2324–2332.  
 
[27] Wang L., M. Min, Y. Li, P. Chen, Y. Chen, Y. Liu, Y. 
Wang, R. Ruan, 2010, Cultivation of green algae Chlorella 
sp. in different wastewaters from municipal wastewater 
treatment plant, Appl. Biochem. Biotechnol. 162, 1174–
1186.  
 
[28] Li C., H. Yang, Y. Li, L. Cheng, M. Zhang, L. Zhang, 
and W. Wang, 2013, Novel bioconversions of municipal 
effluent and CO2 into protein rich Chlorella vulgaris 
biomass, Bioresour. Technol. 132, 171–177.  
 
[29] Colak O., Z. Kaya, 1988, A study on the possibilities 
of biological wastewater treatment using algae, Doga 
Biyoloji Serisi, 12, 18-29. 
 
[30] Khan M. A., R. A. K. Rao, M. Ajmal, 2008, Heavy 
metal pollution and its control through nonconventional 
adsorbents (1998-2007): a review, J. Int. Environ. Appl. 
Sci. 3(2),101–141. 
 
[31] Chen C. Y., Yeh, K. L., Aisyah, R., Lee, D. J., & 
Chang, J. S., 2011,. Cultivation, photobioreactor design 
and harvesting of microalgae for biodiesel production: a 
critical review. Bioresource technology, 102(1), 71-81. 
 
[32] Sturm B. S. M., Lamer S.L., 2011 An energy evaluation 
of coupling nutrient removal from wastewater with algal 
biomass production, Appl Energ 88(10):3499–3506. 
 
[33] Priya M., Gurung, N., Mukherjee, K., Bose, S., 2014. 
Microalgae in removal of heavy metal and organic 
pollutants from soil. Microb. Biodegrad. Bioremediation 
23, 519–537. 
 
[34] Rajfur M., Kłos, A., & Wacławek, M. (2010). 
Sorption properties of algae Spirogyra sp. and their use for 
determination of heavy metal ions concentrations in 
surface water. Bioelectrochemistry, 80(1), 81-86. 
 
[35] Moghaddam M. R., Fatemi, S., & Keshtkar, A. 
(2013). Adsorption of lead (Pb 2+) and uranium cations by 
brown algae; experimental and thermodynamic modeling. 
Chemical engineering journal, 231, 294-303.  
 
462 




[36] Worku A., O. Sahu, 2014, Reduction of Heavy Metal 
and Hardness from Ground Water by Algae. Journal of 
Applied & Environmental Microbiology, 2(3), 86-89.  
 
[37] Rezaei H., 2013, Biosorption of chromium by using 
Spirulina sp., Arabian Journal of Chemistry 9(6), 846–853. 
 
[38] Kaplan D., 2013, Absorption and adsorption of heavy 
metals by microalgae. Handbook of microalgal culture: 
Applied phycology and biotechnology; Richmond A, Hu Q, 
Ed. John Wiley & Sons: Hoboken. 
 
[39] Fu F., Q. Wang, 2011, Removal of heavy metal ions 
from wastewaters: a review. J Environ Manag 92:407–
418;  
 
[40] Kumar K.S., Dahms HU,Won FJ, Lee JS, Shin KH 
(2015) Microalgae—a promising tool for heavy metal 
remediation. Ecotoxicol Environ Saf 113:329–352. 
 
[41] Yang J., Cao, J., Xing, G., & Yuan, H. (2015). Lipid 
production combined with biosorption and 
bioaccumulation of cadmium, copper, manganese and zinc 
by oleaginous microalgae Chlorella minutissima 
UTEX2341, Bioresource technology 175, 537-544. 
 
[42] Pavasant, P., Apiratikul, R., Sungkhum, V., 
Suthiparinyanont, P., Wattanachira, S., & Marhaba, T. F. 
(2006). Biosorption of Cu 2+, Cd 2+, Pb 2+, and Zn 2+ 
using dried marine green macroalga Caulerpa lentillifera, 
Bioresource Technology 97(18), 2321-2329. 
 
[43] El-Silaily A, Nemr AE, Khaled A, Abdelwehab O 
(2007) Removal of toxic chromium removal from 
wastewater using green alga Ulva lactuca and its activated 
carbon. J Hazard Mater 148:216–228. 
 
[44] Deng LP, Su YY, Su H, Eang XT, Zhu XB (2007) 
Sorption and desorption of lead(ll) from wastewater by 
green algae Cladophora fascicularis. J Hazard Mater 
143:220–225. 
 
[45] Prajapati S. K., P. Kumar, A. Malik, V. K.,Vijay,  
 
2014, Bioconversion of algae to methane and subsequent 
utilization of digestate for algae cultivation: a closed loop 
bioenergy generation process. Bioresource technology, 
158, 174-180. 
 
[46] Ramaraj R., N. Dussadee, N.Whangchai, Y. 
Unpaprom, 2015, Microalgae biomass as an alternative 
substrate in biogas production, International Journal of 
Sustainable and Green Energy. Special Issue: Renewable 
Energy Applications in the Agricultural Field and Natural 
Resource Technolog, 4(1-1), 13-19. 
 
[47] Su Y., Mennerich, A., B. Urban, 2012, Synergistic 
cooperation between wastewater-born algae and activated 
sludge for wastewater treatment: influence of algae and 
sludge inoculation ratios, Bioresource technology 105, 67-
73. 
 
[48] Sforza E., M. Enzo, A. Bertucco, 2014, Design of 
microalgal biomass production in a continuous 
photobioreactor: an integrated experimental and modeling 
approach, Chemical Engineering Research and Desig, 
92(6), 1153-1162.  
 
[49] Cai T., Park, S. Y., Y. Li, 2013, Nutrient recovery 
from wastewater streams by microalgae: status and 
prospects. Renewable and Sustainable Energy Reviews, 
19, 360-369. 
 
[50] Sacristan de Alva M., V. M. Luna-Pabello, E. Cadena, 
E. Ortíz, 2013, Green microalgae Scenedesmus acutus 
grown on municipal wastewater to couple nutrient removal 
with lipid accumulation for biodiesel production. 
Bioresour. Technol. 146, 744–748. 
 
[51] Abdel-Raouf N., A. A. Al-Homaidan, I. B. M. 
Ibraheem, 2012, Microalgae and wastewater treatment, 
Saudi Journal of Biological Sciences 19(3), 257-275. 
 
[52] Lee Y. C., Chang, S. P. (2011). The biosorption of 
heavy metals from aqueous solution by Spirogyra and 
Cladophora filamentous macroalgae. Bioresource 















” This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution and reproduction in any medium, provided the original author 
and source are credited.”  
463 
